The chelating ion exchange resin AFM was synthesized by condensation of anthranilic acid with formaldehyde and m-cresol in DMF media at 100 o C ± 6 o C. The identification of resin structure was performed by elemental and FTIR analysis. The thermodynamic parameters such as activation energy (E a ), entropy (S*), enthalpy (H*) and free energy (G*) for thermal decomposition were calculated from thermal data. The morphology of AFM resin shows transition material between crystalline and amorphous phase. The rate of exchange was rapid. i.e. t 1/2 < 22 min for Pb(II) and pH dependence of exchange of metal ions on the resin has been determined for several metal ions [Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II)]. Successive separations and recovery of some pair of metal ions [Pb(II)-Cd(II), Pb(II)-Zn(II) and Zn(II)-Cu(II)] have been performed by using distribution coefficient (K d ).
Introduction
Despite advances in instrumentation and processor technologies, the determination of trace elements in complex matrices remains to be one of the most challenging areas of analytical chemistry. Chelating ion chromatography is considered as a very powerful technique for trace and ultra trace ion analyses in complex matrices 1 .The presence of heavy metals in environment is a cause of concern due to their acute and long-term toxicity. Cadmium and mercury are the major hazardous metals present in the environmental wastewater. Thus, removal of trace heavy metals from the environmental area have become of increasing interest and there is a strong need for a reliable analytical procedure that can be applied for the removal and determination of these metals at very low concentrations 2 . Since long, considerable interest has been developed in the synthesis of ion exchange resin having selective properties and containing selective functional groups.
Lutfor et al 3 prepared a chelating ion exchange resin containing amidoxime functional group. The chelating poly (amidoxime) resin was characterized by FTIR spectra, TG and DSC analyses. The chelating behavior of the prepared resin was studied with Cu(II), Zn(II), Ni(II), Cd(II) and Pb(II) metal ions. Samir et al 4 synthesized ion exchange resin from 8-quinolinyl methacrylate and characterized by conventional methods. The thermal analysis was carried out using TGA and DSC. The metal ion uptake capacities of synthesized copolymers were estimated by batch equilibration method using different metal ion solutions under different experimental conditions.
Three phenol-formaldehyde chelating resins, poly (8-hydroxy quinoline-5, 7 diylmethylene), poly (8-hydroxy quinoldine-5, 7 diylmethylene) and poly (2-amino phenol-5, 7 diylmethylene) were synthesized and characterized by Ebraheem 5 . The chelating characteristics of these polymers were studied by a batch equilibrium technique. The ion exchange capacity, effect of electrolyte on metal ion up take, rate of metal uptake and distribution of metal ion at different pH with resin copolymer derived from thiosemicarbazone derivatives of phenolic compound shows higher order than the resin copolymer derived from semicarbazone derivatives 6 . Recently much work has been carried out to study the ion exchange properties of anchoring functional chelating groups on the polymeric network. But as compared to anchored resins, the synthesized resins are more advantageous because the synthesized insoluble functionalized polymer can provide good stability and good flexibility in working conditions.
The purpose of the present work is to explore the possibility of separation of Pb(II) ion from matrices by using AFM chelating resin. The sorption behavior of Ni(II), Cu(II), Zn(II), Cd(II) and Pb(II) on this resin was investigated at different pH values and at its different concentrations. The quantitative separations of Pb(II)-Cd(II), Pb(II)-Zn(II) and Zn(II)-Cu(II) mixtures were achieved by the columns of the chelating resin. The separations are based on the affinity differences of these metal ions towards the chelating resin as a function of pH and tartaric acid electrolyte concentrations.
Experimental

Materials
All the reagents are of Analytical Grade and their purity were more than 98 %. Anthranilic acid: (Loba Chem., Mumbai) purified by rectified spirit. Formaldehyde (37% w/v): (S.D. Fine Chem., Ltd. Mumbai.) was used as received. m-cresol: (Loba Chem., Mumbai) purified by distillation. Metal ion solutions were prepared by dissolving appropriate amount of metal acetates in double distilled water and standardized by complexometric titration.
Preparation of the AFM Resin
Anthranilic acid (13.7g, 0.1 mole) was ground to fine powder and was taken in to a 250 mL four-necked flask. It was fitted with a condenser, thermometer, stirrer and addition funnel containing 20 mL of DMF, which was added dropwise at room temperature. After the addition of DMF, 37% w/v 25mL formaldehyde (0.3 mole) was added from addition funnel with constant stirring. It was stirred for 1h at room temperature. Then the solution of m-cresol (10.8 g, 0.1 mole) in 20 mL DMF was added from addition funnel at the rate of 2 mL/min. The mixture was heated on water bath at 100 o C ± 6 o C temperature with constant stirring for about 2-4 h till soft jelly type material was obtained. The cured mass was then crushed to 20 -50 mesh size particles and it was washed with methanol and finally with hot double distilled water to removed unreacted monomers. The resin was dried in vacuum oven at 100 o C. The yield of the reddish brown resin was 75%.
Apparatus and procedure
The dry resin of 20-50 mesh size particles were used for characterization. Infrared spectra of the synthesized resin had been scanned in KBr pellets on "Shimadzu FTIR Spectrophotometer" model 8201PC. The elemental analysis was carried out on "Carlo Erba Elemental Analyzer" model 1160. The surface analysis was done using Scanning Electron Microscopy (Philips XL30, Japan) at 400 X and 500 X magnifications. The optical photograph was taken on "SZX-12 Olympus, Japan". The thermogram of the resin sample was taken on "Mettler TA 4000" at constant heating rate of 100 o C/min in N 2 atmosphere. The water swollen resin was regenerated with 0.1M HCl to obtain its H + form for further studies. The physico-chemical properties like % moisture content, % solid, true density, apparent density, void volume fraction, concentration of fixed ionogenic group, sodium exchange capacity, salt splitting and resin stability were studied according to literature methods 7, 8 . The results are shown in Table 1 . The ion exchange properties such as rate of metal ion exchange, effect of pH on metal ion exchange capacity, effect of metal ions concentration and distribution coefficient in tartaric acid media were also studied 9 . All experiments were carried out according to earlier methods 10 .A batch equilibration method was adopted for the determination of the metal ion uptake capacity of resin using different experimental variable such as metal ion concentration, pH and rate of exchange 11, 12 . 
Result and Discussion
Characterization of AFM resin
The important IR bands were observed at 3400 cm -1 due to ν(O-H) of phenolic group and ν(N-H) of amino group, 2924 cm -1 due to ν(C-H) methylene group, 1750 cm -1 exhibits ν(C=O) of ketonic group of acid, 1615 cm -1 due to δ(N-H) and ν(C=C) of aromatic ring, 1380 cm -1 for δ(C-H) of Ar-CH 3 , 1279 cm -1 for ν(C-N) of Ar-NH 2 and primary amine, 1159 cm -1 due to ν(C-O) of phenol, 854 cm -1 tetra substituted benzene ring. The FTIR spectral data matches with probable structure unit of the copolymerized monomers as shown in Scheme-1. 
Scanning Electron Micrographs
The morphology of resin exhibits growth of crystals from polymer solutions corresponding to the most prominent organization in polymers on a large scale such as in size of few millimeters of spherulites. The morphology of the resin polymer shows a fringed micelle model of the crystalline-amorphous structure. The fringes represent transition material between the crystalline and amorphous phases. The extent of crystalline character is dependent on the acidic nature of the monomer. This tends to draw attention away from the details of fine structure and gives little insight into the structure of large entities such as spherulites, which is shown in Figure 1 
Optical photograph
The optical photograph of synthesized resin is presented in Figure 2 . It suggests that the resin appears to be reddish brown to black in color.
Thermogravimetric Analysis (TGA)
The thermogravimetric analysis has proved to be useful in evaluating kinetic parameters of various materials that provides valuable quantitative information regarding the stability of material. The result of TGA reveals that the degradation of AFM resin takes place between 410 °C to 560 °C. It involves single step degradation with weight loss of 52.7%.
The maximum rate of weight loss is at 530 °C. 16 . IPDT expresses the overall thermal stability of the resin, which is 349 °C. Table 2 . Thermodynamic parameters of AFM resin [E a (kJ/mol), S* (J/Kmol), H* (kJ/mol) and G*(kJ/mol)].
Figure 2. Optical photograph of AFM resin
Step Properties Broido method
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Step The Activation Energy of AFM resin may be explained based on its macromolecular structure. In amphoteric (Anthranilic acid containing AFM resin) polymeric compounds, there are different types of interactions related to its backbone bonding and various groups present on the polymeric backbone. Since these intermolecular interactions depend on the nature of atoms and distance between them, the polymer strength depends on both these factors. The type of the group attached to the polymeric backbone can demonstrate the effect of distance between such macromolecules. AFM resin contains non-polar -CH 3 group at meta position and it also contains bulky -NH 2 group. Due to their repulsive force, sufficient rigid structure cannot be obtained. This will produce more amorphous character in the polymeric resin. Hence it exhibits lower Activation Energy of AFM resin such as 20.4 K J/mole compared to resorcinol containing amphoteric AFR resin 10 , which has 28.20 K J/mole.
The thermal degradation of AFM resin exhibits second order reaction 15 . The thermodynamic parameters such as Entropy change (S*), Enthalpy (H*) and Free Energy (G*) for degradation was calculated by Coats-Redfern methods 15 , which is shown in Table 2 . Lower negative value of S* suggested more randomization in structure of AFM resin. The positive value of H* and G* of synthesized resin suggests that the degradation process was endothermic and slower one.
Physico-chemical characteristics Resin stability
It was observed that up to 20 loadings and acid washing cycles, sodium ion exchange capacities and copper ion exchange capacities of reported resin did not change, which suggests that the resin exhibits appreciably better stability. Thus, reuse of the resin column is feasible. The resin is non-melting and insoluble in most of solvents.
Rate of exchange for metal ions
Ion exchange being inherently a stoichiometric process, any counter ion leaving ion exchanger is replaced by an equivalent amount of other counter ion under diffusion effect between solution and resin film surface. The deviations from stoichiometric behavior occur due to electrolyte sorption and adsorption, which cause change in co-ion content of the ion exchange. As the co-ion does not participate in ion exchange, it has little effect on the rate of exchange. Figure 3 shows the results of rate of exchange of metal ion on AFM resin. It is observed that half reaction time (t 1/2 ) for Cu(II) and Ni(II) is after 50 minutes, for Zn(II) is after 5 hours, for Pb(II) after 20 minutes while for Cd(II) after 2 hours. Faster rate of t 1/2 was exhibited by Cu(II) than Zn(II). This is attributed to fact that the hydrated Cu(II) have smaller radii than hydrated Zn(II) and thus, have greater access to the surface. The rate of exchange for the post transition metal ions exhibits the reverse trend, for Cd(II) the rate of exchange is lower than that of Pb(II) because of the difference in d orbital. 
pH dependence of metal ion exchange capacity
At specific conditions of pH, resin is able to form chelating complexes with metal ions. At different pH, exchange capacities of different metal ions have been studied with 0.05 M concentration of each metal ion, which is shown in Figure 4 . The maximum exchange capacity for Cu(II) and Pb(II) is found to be at pH 6.0. For Ni(II) it is at pH 4.0 and for Cd(II) it is at pH 4.5, while ion exchange capacity of Zn(II) is independent of pH in the range of pH 3.5 to pH 6.5. The exchange capacity order is as follows: Ni(II) > Cu(II) > Cd(II) > Zn(II) > Pb(II).
Figure 4. Effect of pH on metal ion exchange capacity on AFM resin
From the results it reveals that with decrease in atomic number the exchange capacity is increasing. In the case of Cd(II) and Pb(II) purely electrostatic factors are responsible. The ion exchange capacity of Cd(II) is lower owing to the large size of its hydrated ion than that of Cu(II). The steric influence of the methyl group and amino group in AFM resin is probably responsible for their observed low binding capacities for various metal ions. Thus, the interaction of this resin material with various metal ions in an aqueous environment may largely limit the binding sites, which are suitably, disposed in a conformationally favorable manner on surface layers.
Effect of concentration of metal ions on metal ion exchange capacity
The study of the effect of concentration of metal ion shows that the uptake of metal ion by the resin increases in proportion to the concentration of metal ion in solution. The saturation occurred at about 0.25M to 0.40M concentration of metal salt solution. This may be due to different selectivity at various concentrations which is shown in Figure 5 . The role of physical core structure of the resin is significant in the uptake of different metal ions by the resin copolymer. 
Effect of electrolyte concentration and pH on distribution coefficient (K d ) of metal ions
Batch equilibrium method is more fruitful to determine distribution coefficient (K d ) for the metal ions as a function of tartaric acid concentration. The distribution of the different metal ions as the function of pH and concentration of electrolyte solution (tartaric acid) are presented in Table 3 . For heavy metal ions, Pb(II) showed higher K d values, while Cd(II) showed lower K d . The value of distribution ratio for given pH and for a given concentration of electrolyte depends upon the nature and the stability of a chelate formation for particular metal ion. The data of K d show a random trend in certain case 10 . This may be due to amphoteric nature of the AFM resin. Table 3 shows that the reported resin provides better selectivity for one metal ion in presence of the other metal ions. Distribution coefficients were measured for all metal ions as a function of tartaric acid concentration and prediction of whether a separation for a given pair of metal ions is possible by comparing their K d values.
Chromatographic column separation of Binary mixture
The superior selectivity towards multivalent cations exhibited by chelating resin has been demonstrated in column experiments by using K d values. The values of the K d are shown in Table 3 . An ideal situation would be such that one K d values is ten times greater than the K d value for other ion, while the other approaches zero. The first eluting fractions of tartaric acid carry one metal ion which has a smaller K d values. The second metal ion eluted by changing the tartaric acid concentration to a level that produced a high K d values.
For the separation of binary mixture, 2 mL of 5 mg / mL of each metal ion solution was taken. The chelating resin in H + form was packed into a chromatographic column to form a compact column bed ~ 15 cm height and 0.4 cm diameter. The solution is allowed to flow through automatic fraction collectors for the continuous determination of metal ion separation. Each fraction was analyzed individually for its constituent metal ion by complexometric titration. These reading are then plotted against volume of eluate. Figure 6 shows the separation of Pb(II) from Cd(II). Pb(II) can be removed by passing a solution of the acetate salt at pH 3.5 and 1.0 M tartaric acid through a column of the resin; Cd(II) does not form the complex with resin at pH 3.5 and later Cd(II) was eluted with 0.3M tartaric acid of pH -3.0. Recovery of Pb(II) and Cd(II) are found to be 94 % and 87 % respectively. 
Conclusions
The ion exchange resin AFM was synthesized and characterized by instrumental methods. TG data reveals that the resin shows single step degradation and moderate thermal stability. The ion exchange capacity for Pb(II) is lowest, which is due to larger hydrated radius. The kinetic ion exchange rate was fastest (t 1/2 < 22 min) for Pb(II). The binding capacity of some metal ions by the resin was carried out by the batch technique. The exchange capacities of metal ions by the resin were pH dependent except Zn(II). From the results of distribution coefficients it can be observed that Pb(II) has higher K d value. Due to considerable difference in the exchange capacity at different pH and media of electrolyte, the rate of metal uptake and distribution ratios at equilibrium, it is possible to use resin for separation of particular metal ions from their admixture.
